Condensation of DNA in situ in metaphase chromosomes induced by intercalating ligands and its relationship to chromosome banding.
Interactions of certain intercalating cationic ligands with nucleic acids result in the formation of products that undergo condensation and agglomeration; this transition in solution can be monitored by light-scatter measurements. In the present study, using such intercalators as the antitumor drug mitoxantrone or fluorochromes acridine orange and quinacrine, we induced condensation of DNA in situ in Chinese hamster chromosomes. The in situ products scattered light and could be detected by darkfield- or phase-contrast microscopy. In the darkfield the complexes had a characteristic granular appearance and often generated a banding pattern on the chromosomes. In contrast, condensation of DNA in situ by the nonintercalating polyvalent cations (Co3+, spermine4+), while enhancing the chromosome's image contrast, did not produce the granular products or the banding. The condensation of free DNA, single or double stranded, natural or synthetic, the latter of various base composition and configuration, was also measured in solution. The condensation in solution and in situ was observed at similar concentrations of the respective ligands. The intercalating dye ethidium bromide, which did not condense DNA in solutions of moderate and high ionic strength, also did not generate the granular products or banding on chromosomes. The data also show that both base composition and configuration are important factors in determining the sensitivity of DNA to condensation by particular intercalating ligands. The studies suggest that the phenomenon of DNA condensation by intercalating dyes, which shows a high degree of specificity with respect to primary and secondary structures of DNA, may be associated with mechanisms of chromosome banding induced by the intercalating thiazine dyes in Giemsa staining or by quinacrine. Observation of chromosome banding based on light-scatter detection in darkfield microscopy allows the study of interactions between DNA and the ligands that neither fluoresce nor generate colored products. This principle of chromosome "counter-staining" can be explored by flow cytometry.